I. Introduction
After the development of solid state sensors technology, silicon piezoresistive sensors have been widely used, for their advantages of miniaturization, high sensitivity, good linearity, no hysteresis and ability for integration and multifunction. Silicon based piezoresistive pressure sensor have been widely used for various applications ranging from automotive to bioelectronics. For measuring both temperature and pressure simultaneously, different ways are followed and researches are going on. Generally to compensate for the temperature effect, a p-n junction based temperature sensor is often integrated with the silicon pressure sensor. A high temperature pressure and temperature multifunction sensor has been reported [12] . However there is no recent report on MEMS based high pressure and temperature multifunction sensor. But this high Pressure and moderate temperature MEMS based multifunction sensor can compensate the pressure signal precisely in full temperature range by means of exact temperature signal of the pressure output. In addition, the detection of both to pressure and temperature extends the function of the sensors so that the size and cost of the sensors system can be reduced.
II. Sensors structure and fabrication:
A piezoresistive polysilicon high pressure sensor and thermometer of polysilicon resistor are integrated on the mono-chip of the sensor. The structure, design and fabrication of the high pressure and temperature multifunction sensor are introduced as follows:
High pressure polysilicon pressure sensor design:
A Piezoresistive pressure sensor consists of two major active components namely, diaphragm and piezoresistors. The piezoresistors are placed on the diaphragm in configuration of Wheatstone bridge. The change in the resistances due to strain on the diaphragm develops potential difference, which translate the applied pressure. In order to increase the sensitivity of the bridge, the resistances are placed on the diaphragm so as to get maximum change in the potential difference. The piezoresistors change their values in contrast while interacting with tensile and compressive region of stress. Therefore two of the resistors of the bridges are placed in the region of one type of stress while remaining two, are placed in the region of opposite type of stress. The shapes of the resistors were chosen in order to ensure the required change due to diaphragm strain. Dimensions of the resistors were set uniformly of width 10 microns and length 400 microns each. On the basis of the polysilicon layer is estimated for a given value of resistance of four Kilo Ohms. The sheet resistivity of the polysilicon layer is needed for required doping of the layer with suitable specie. The necessary design methodology can be found in the following: The resistance is mathematically related to physical parameters of the resistor as shown as -Where R is the resistance,  is the resistivity and L, W and d are the length, width and thickness of the resistors.
Where s  is the sheet resistivity.
A diaphragm of square in shape with 2mm side and thickness 50 micron was considered to meet the specific requirements in this work. The overall chip shape was set to a square in shape with sides of 4mm. 
Temperature sensor design:
From Fig:1 it can be seen that in the pressure non sensitive area on the chip ,another piezoresistor is integrated as a temperature sensor .As this resistor is situated out of the diaphragm there is no pressure effect on this resistor but the value of the resistor increases with temperature. The dimension of this resistance is also same i.e. Resistor's line length: 400 micron Resistor's width : 10 micron Resistor's value : 4 kilo Ohms This resistor is also made by the same process without any additional process.
III.
Fabrication:
A batch of six wafers of (100) orientation and of 2 // diameter with n-type polarity and both side polished are given chemical cleaning treatment involving degreasing, RCA and piranha. Then the wafers are loaded in the furnace for oxidation for a thickness of 5000Å.The oxided wafers are loaded in the reactor for silicon nitride deposition using LPCVD at 780°C and 0.3 torr pressure. A thickness of 1500Å is deposited. In the LPCVD process deposition takes place on both the surfaces of the silicon wafers, which is also good for overall up keep of the wafers during KOH treatment.
First photolithography is carried out for delineation of holes on the edges of the wafers. Silicon Nitride is selectively etched using RIE(Reactive Ion Etching), thereafter SiO 2 is wet etched so that silicon surface is left without dielectric. Wafers are then immersed into aqueous KOH (45%) as to etch silicon at the locations of hole patterns till through holes are emerged on the other side of the wafers. Next photolithography is carried out for
delineation of grids with alignment marks on both the surfaces of the wafers. Partial etching of silicon nitride is done by RIE so as to make grid pattern and alignment mark on the wafers. One of the surfaces is cavity patterned. The end point detection for required diaphragm thickness is achieved by the formation of cone in the hole specially provided for this purpose.
The wafers are thoroughly cleaned in DI water followed by HCL treatment for the neutralization of KOH traces. DI water rinse is given again prior to backing the wafers at 250°C for two hours. Now the wafers are loaded for LPCVD polysilicon deposition at 300°C for a thickness of 5000Å on the diaphragm side of the wafers. After this process the wafers are loaded in the furnace for boron doping at1050°C for 45 minutes in N 2 environment. The deposited borosilicate is removed by wet oxidation followed by dilute HF dip. Then the sheet resistivity of the polysilicon is measured so as to qualify the required sheet resistivity. Now photolithography is done for delineation of resistors. Selective etching of polysilicon is done by RIE. Then the wafers are loaded for metallization (blanket) of Al by sputtering for a thickness of 1. 
IV. Characteristics of sensors:
To test the pressure and temperature sensor in actual environment a suitable arrangement is made to apply pressure over the diaphragm and temperature on the chip, which is hermetically sealed over a header using a cap. The pressure and temperature properties of the sensors have been measured by means of this self made pressure and temperature testing system as shown in the fig 3. These results show that the pressure output of the sensor decreases linearly with temperature and increases with applied pressure. From the above results it can be estimated that the output voltage of the sensor follows the following equation till 140° C:
Where T s =Temperature sensitivity of the sensor, P s =Pressure sensitivity of the sensor, ΔT is the change in temperature, ΔP is the change in pressure. shows the temperature sensitive property of the sensor. The extra resistor which is placed out of the diaphragm increases with the temperature rise with good linearity. We also made a wheatstone bridge circuit on bread broad and took this resistance as one of the arm of the wheatstone bridge circuit and found that the temperature sensitivity of this bridge is about +0.56mV/°C. 
V. Conclusion:
This multifunction sensor was tested to 140°C and pressure range of 200psi. The temperature output of the extra resistor has good linearity. The sensor's pressure output also decreases linearly with temperature rise. So, it is easy to compensate the temperature effect of the pressure output as there is no temperature effect on the sensitivity of the pressure output. Furthermore because the temperature sensor and pressure sensor are integrated on the same chip, the temperature output is the exact temperature at the detected pressure position. This can realize the precise compensation of the temperature offset of the pressure output of the sensors in the full temperature range.
